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1
FIFO MEMORY SYSTEM

The present invention relates to data processing sys-
tems, and, more particularly to data buffering circuits
employing FIFO memories.

BACKGROUND OF THE INVENTION

In data processing systems it is frequently necessary
to buffer or temporarily hold data being transferred
within or outside of the system. The need to buffer data
may arise because the receiver is busy when the data is
transferred, or because the transfer rates of the transmit-
ter and receiver are different. Whatever the reason, the
data must be recovered from the buffer in the order it is
transmitted. This process is known as first-in, first-out
(FIFO).

FIFO memory devices typically have means to keep
track of the status of the FIFO, namely, whether it is
empty or full, and to generate signals when the FIFO is
at the empty or full state. Such means may include write
and read pointers and a comparator. The write pointer
keeps track of the next location in the memory to be
written to, and is incremented each time a data element
is entered. The read pointer keeps track of the location
in the memory where the last data element was read
from and is incremented as data elements are read. The
comparator basically determines when the pointers are
equal or differ by a predetermined (constant) amount.

In addition to empty and full signals, some compara-
tors also generate another signal indicating a predeter-
mined amount of data has been stored in the buffer. For
example, this other signal may be generated when the
buffer 1s half full. This other signal is useful to maintain
an efficient flow of data through the buffer. The afore-
mentioned signal indicates when the buffer is filled to a
predetermined level and may be used to indicate when
the buffer should be read. This level may be optimized
for a given system, but may be less than ideal for an-
other system or for different operating conditions of the
given system.

Another problem experienced by the means which
track the amount of data in the FIFO is that the output
signals—empty, full, etc.—are known to glitch or mo-
mentarily depart from their correct level due to nonuni-
form delays through binary counters and adders. To
avoid such glitches the output signals are typically syn-
chronized or only sampled after the outputs have stabi-
lized. This requires the FIFO to be synchronized with
the system clock.

OBJECTS OF THE INVENTION

It 1s therefore an object of the present invention to
provide a new and improved FIFO memory system.

It 1s another object of the present invention to pro-
vide a FIFO memory system with a means for program-
ming the level at which a FIFO ready signal is gener-
ated.

It 1s yet another object of the present invention to
provide a FIFO memory system with glitch free output
signals. |

It 1s a further object of the present invention to pro-
vide a FIFO memory system with asynchronous read
and write operations for more efficient data transfer.

Summary of the Invention

One form of the present invention is a FIFO memory
system comprising a RAM memory, write and read
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pointer registers, an offset generator, a programmable
offset register, and a comparator. The write pointer
register stores the address of the next data element to be
written into the RAM memory, and the read pointer
register stores the address of the next data element to be
read from the RAM memory. The offset generator
compares the contents of the registers, and generates at
an output thereof an offset signal representing the
amount of memory space occupied. The programmable
offset register provides a programmed offset signal. The
comparator compares the offset signal and the pro-
grammed offset signal, and provides a ready signal
when the offset signal is greater than or equal to the
programmed offset signal.

In one embodiment of the FIFO memory system, the
write and read pointer registers store minimum change
coded addresses.

Another form of the present invention is 2 method for
buffering data between two data busses. A programma-
ble offset register is loaded with a programmed offset
value. A data element is written into a RAM memory.
A write pointer is incremented to identify the address of
the next data element to be written into the RAM mem-
ory. A read pointer is provided for identifying the ad-
dress of the next data element to be read from the RAM
memory. The contents of the write and read pointers
are compared and an offset value generated therefrom.
The offset value is compared with the programmed
offset value, and a signal is generated indicating the
RAM memory is ready to be read when the offset value
1s greater than or equal to the programmed offset value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 block diagram of a FIFO memory system
according to form of the present invention.

FIG. 2 1s a circuit diagram showing an example of a
programmable offset register for use with the FIFO
memory system shown in FIG. 1.

F1G. 3 diagram of the comparator shown in FIG. 1.

FIG. 4 1s a circuit diagram showing an example of a
binary wrap around detector for use in the comparator
shown in FIG. 3.

FIG. § is a circuit diagram showing an example of a
flag generator for use in the comparator shown in FIG.
3.

FIGS. 6A-6C show a circuit diagram of a five bit
Gray code pointer register which may be used as the
write or read pointer register shown in FIG. 1.

FIGS. 7A-7B 8A-8B, 9A-9C, 10A-10C, and
11A-11B form a circuit diagram showing an example of
a five bit Gray code offset generator which may be used
as the offset generator in FIG. 1.

FIG. 12 1s a circuit diagram showing an example of a
binary to Gray code converter which may be used as
the converter in FIG. 1.

FIG. 13 1s a circuit diagram showing an example of a
Gray code greater than or equal to circuit which may
be comparator shown in FIG. 3.

FIG. 14 is a circuit diagram showing an example of a
Gray code wrap around detector which may be used in
the comparator shown in FIG. 3.

DESCRIPTION OF A PREFERRED
EMBODIMENT

FIG. 1 shows a block diagram of a FIFO memory
system 10 according to one form of the present inven-
tion. System 10 includes a RAM memory 12, a write
pointer register 14, a read pointer register 16, an offset
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generator 18, a programmable offset register 20, and a
comparator 22. There are two embodiments of the pres-
ent invention described herein. The first involves the
use of binary signals in a synchronous environment

(hereinafter referred to as the binary system), and the
second involves minimum change coded signals (here-

inafter referred to as the minimum change system). As
used herein, the term “minimum change code” refers to
a code having the property that all successive code
words differ in only one digit. Minimum change codes
are sometimes referred to as cyclic codes. The minimum
change system may also include a converter 24 as will
be discussed more thoroughly hereinafter.

Briefly, in operation, write and read pointer registers
14 and 16 track the current write and read addresses,
respectively, of data stored in RAM 12. These current
addresses are provided to offset generator 18 which
determines. an offset value representing the amount of
data stored in RAM 12. A programmed offset value is
loaded into programmable offset register 20. Compara-
tor 22 generates an EMPTY/, or FULL/ signal when
RAM 12 is empty or full, respectively. Comparator 22
generates a READYY/ signal indicating that RAM 12 is
ready to be read when the amount of data in RAM 12 is
greater than or equal to the programmed offset value. It
should be noted that, as-used herein, the symbol ''/"
following a signal name indicates that the signal is ac-
tive Jow. This should not be considered as limiting the
Invention, but is employed only to completely descnbe
the best mode In practlcmg the subject invention.

When a data element is to be written into RAM 12
(DATA IN), RAM 12 is enabled by a WRITE signal
received on a control line, and the data element is writ-
ten into RAM 12 at an address (WR ADD) provided by
write pointer register 14. Write pointer register 14 is
incremented upon the receipt of the WRITE signal, and
generates at an output thereof the write address (WR
ADD) of the next data element to be written into RAM
12. Write pointer register 14 also stores the address of
the next data element to be written into RAM 12.

When a data element is to be read from RAM 12
(DATA OUT), RAM 12 is enabled by a READ signal
received on a control line, and the data element is read
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read pointer register 16. Read pointer register 16 is
incremented upon the receipt of the READ signal, and
generates at an output thereof the read address (RD
ADD) of the next data element to be read from RAM
12. Read pointer register 16 also stores the address of
the next data element to be read from RAM 12.

The contents of write pointer register (WR ADD)
and read pointer register 16 (RD ADD) are provided to
offset generator 18. WR ADD and RD ADD are com-
pared in offset generator 18 and an offset value or signal
(OFF), representing the amount of occupied memory
space iIn RAM 12, is generated and transferred to com-
parator 22. In the binary system, write and read pointer

registers 14 and 16 are binary counters and offset gener-

ator 18 15 a binary subtracter with OFF=WR
ADD—-RD ADD. In the minimum change system,
write and read pointer registers 14 and 16 count in mini-
mum change code and offset generator 18 performs in
minimum change code an equivalent binary subtraction
of WR ADD and RD ADD and thereby generate a
minimum change coded OFF signal. An example of a
write or read pointer register 14 or 16 for a minimum
change system utilizing Gray code is shown in FIG.
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4
6A-6C, and an offset generator 18 utilizing Gray code is
shown in FIGS. 714 11.
The programmed offset value which is loaded into

programmable offset register 20 represents the amount

of data to be stored in RAM 12 before the ready signal
1s given. Typically, this will be less than full, but may be

varied according to the needs of the particular system
or application in which the memory system 10 of the
present invention is to be utilized. For the binary sys-
tem, the programmed offset signal (POFF) is trans-
ferred directly from register 20 to comparator 22. For
the minimum change system, the programmed offset
signal may be stored in register 20 in either minimum
change or binary code. If POFF is stored in minimum
change code, it is transferred directly to comparator 22.
If POFF is stored in binary, converter 24 (which con-
nects offset register 20 to comparator 22) will convert
the binary number into minimum change code and
transfer the result to comparator 22. One form of a
converter 24 for converting binary to minimum change
code is shown in FIG. 12.

Comparator 22 compares the offset signal (OFF)
with the programmed offset signal (POFF) and gener-
ates a READY signal when OFF is greater than or
equal to POFF. Referring to FIG. 3, comparator 22
includes a wrap around detector 26, a greater than or
equal to test circuit 28, and a flag generator 30. The
purpose of the wrap around detector 26 is to eliminate
ambiguity in the meaning of OFF=0. Since OFF=0
can mean either RAM 12 is empty or full, wrap around
detector 26 tracks OFF and monitors changes therein to
determine if RAM 12 is approaching full or empty. Just
before RAM 12 is full, detector 26 generates an active
low signal WRAP/, and when RAM 12 is not full, the
WRAP/ signal from detector 26 is an inactive high
signal. Greater than or equal to test circuit 28 receives
both OFF and OFF and determines when OFF is
greater than or equal to POFF and generates an active
low signal GE/ at such time at an output of circuit 28.
Flag generator 30 is connected to the outputs of detec-
tor 26, circuit 28, and offset generator 18 and receives
the WRAP/, GE/, and OFF signals, respectively,
therefrom. Generator 30 generates a FULL/ signal
indicating RAM 12 is full when OFF=0 and
WRAP/=0. Generator 30 generates an EMPTY/ sig-
nal when OFF =0 and WRAP/=1. Generator 30 gen-
erates a READY signal when GE/=0 or when RAM
12 1s full.

Referring to FIG. 1, write pointer register 14 receives
a RESET signal and a WRITE signal, and generates a
WR ADD signal on address bus 32. Address bus 32 is
connected to an input of RAM 12 and offset generator
18. Read pointer register 16 receives a RESET signal
and a READ signal, and generates a RD ADD signal
on address bus 34. Address bus 34 is connected to an
input of RAM 12 and offset generator 18. RAM 12
receives the WRITE and READ signals from control
lines, and receives DATA from data bus 36. As noted
previously, RAM 12 is dual ported having both an input
data bus 36 and an output data bus 38 which allows
stmultaneous reads and writes to RAM 12. DATA is
read out of RAM 12 on data bus 38 after first passing
through multiplexer (MUX) 40. Offset generator 18
receives the WR ADD and RD ADD signals and gen-
erates an offset (OFF) signal on bus 42.

Programmable offset register 20 receives RESET/
and LD OFFSET/ signals, and receives OFFSET
DATA from data bus 44. Although not shown, data bus



5,267,191

S

44 may be connected to data bus 36 so that only a single
data bus may be required for the present system, and so
that OFFSET DATA may be transmitted to register 20
on-data bus 36. OFFSET DATA is loaded into register
20 when register 20 is enabled by receipt of a control
signal (LD OFFSET). Register 20 stores OFFSET
DATA and provides the same on bus 46 in the form of
the programmed offset (POFF) signal. Bus 46 is con-
nected to an input of MUX 40 and to an input of con-
verter 24. MUX 40 is provided with a control line for
receiving a read programmed offset (RD POFF) signal
which selects the POFF signal on bus 46 to be output on
data bus 38. As noted previously, converter 24 is not
required for the binary system, in which case bus 46 is
connected directly to an input of comparator 22. For
the minimum change system, where OFFSET DATA
1s stored in register 20 in binary form, bus 46 is con-
nected to an input of converter 24 and the output of
converter 24 1s connected to an input of comparator 22
through bus 48.

Comparator 22 receives the OFF and POFF signals
on busses 42 and 48, respectively. Comparator 22 also
receives an offset register zero (ORZ/) from program-
mable offset register 20 and a RESET signal. Three
signals are generated by comparator 22—EMPTY/,
READY/, and FULL/.

F1G. 2 shows more detail of programmable offset
register 20. The OFFSET DATA is stored in a plurality
‘of parallel D type flipflops 50q, 505, ..., 50n. The num-
ber of flipflops 50, i.e., the value of n, is such that 27 is
the same as the number of addressable locations in
RAM 12. Each flipflop 50 has a D input for receiving
one of the paralle] lines of OFFSET DATA from data
bus 4. The CK input receives the control signal LD
OFFSET/. Whenever LD OFFSET/ is active, OFF-
SET DATA on data bus 44 is loaded or latched into
flipflops 50. OFFSET DATA in flipflops 50 is available
on the Q outputs as the programmed offset data POFF.
The Q outputs are also connected as inputs to an OR
gate 32 which provides an active low output ORZ/
whenever all of the Q outputs are low. The ORZ/
signal 1s utilized by comparator 22 as will be discussed
more fully hereinafter. Each flipflop 50 also receives the
RESET/ signal at its R input for resetting the flipflop
upon receipt of the signal.

FIG. 3 shows a block diagram of comparator 22.
Comparator 22 comprises wrap around detector 26,
greater than or equal to test circuit 28, and flag genera-
tor 30. Wrap around detector 26 receives the offset
signal OFF and a RESET/ signal and generates at its
output a WRAP/ signal. Greater than or equal to test
circuit 28 receives both the offset signal OFF and the
programmed offset signal POFF and at its output a GE/
(greater than or equal to) signal. The GE/ signal is
asserted whenever OFF is greater than or equal to
POFF. Flag generator 30 receives as inputs WRAP/,
GE/, ORZ/, and OFF, and generates EMPTY/,
READY/, AND FULL/ signals.

FIG. 4 1s a circuit diagram of a wrap around detector
26 such as may be used in a binary system. Detector 26
includes a D type flipflop 54, an OR gate 56, and an
AND gate 58. AND gate 58 receives as inputs the high
n-1 bits of the OFF signal, i.e,, OFF,, OFF,., ... ,
OFF;. OR gate 56 receives as inputs the output of AND
gate 38 and the FULL signal. The D input of flipflop 54
1s connected to the output of OR gate 56. The CK input
to flipflop 54 receives a SYSTEM CLOCK signal. This
synchronizes the operation of wrap around detector 28
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and prevents ghtching of the output such as may occur
In a binary system where more than a single bit of the
OFF signal may change for each read or write opera-
tion. Flipflop 54 provides the WRAP/ signal at its Q/
output. When flipflop §4 is initially reset, WRAP/ is
inactive high. As RAM 12 fills up, OFF will increment
until finally each bit OFF,, ... OFF; will equal 1 and the
output of AND gate 58 will go high. At this point
WRAP/ will become active low.

FIG. 5 shows a circuit diagram of flag generator 30
such as may be employed in either the binary or mini-
mum change system according to the present invention.
Flag generator 30 includes inverters 60a, 605, ... , 60n,
NAND gate 62, inverters 64, 66 and 68, NAND gates
70 and 72, inverter 74, inverters 76q, 76b, ..., 76n, AND
gate 78, inverter 80, NOR gate 82, and multiplexer
(MUX) 84. NAND gate 62 receives as inputs the n bits
of the OFF signal inverted by inverters 60a, 605, ... ,
60n. NAND gate 70 receives as inputs the output of
NAND gate 62 inverted by inverter 64 and the WRAP/
signal. NAND gate 62 provides at its output the
EMPTY/ signal which is asserted when RAM 12 is
empty. It will be noted that EMPTY/ will only be
asserted when OFF is zero and WRAP/ is inactive
high. NAND gate 72 receives as inputs the WRAP/
signal inverted by inverter 68 and the output of NAND
gate 62 inverted by inverter 68 and It will be noted that
FULL/ will only be asserted when OFF is zero and

WRAP/ 15 active low. AND gate 78 receives as inputs

the WRAP/ signal inverted by inverter 74, and the high
n-1 bits of the OFF signal inverted by inverters 76q,

760, ..., T6n. NOR gate 82 receives as inputs the output

of AND gate 78 and the GE/ signal inverted by in-
verter 80. MUX 84 receives as a first input the FULL/
signal and as a second input the output of NOR gate 82.
The select input of MUX 84 is the ORZ/ signal. When
ORZ/ 1s active low (meaning that the programmed
offset is zero), the first input is selected. This means that
READY/ will only be asserted when FULL/ is as-
serted. In other words, a ready signal will only be given
when RAM 12 15 full. If ORZ/ is inactive high (mean-
ing a value has been loaded in the offset register), the
second 1nput is selected, meaning the ready signal will
only be given when OFF is greater than or equal to
POFF. When RAM 12 is full, the offset is zero
(OFFp=0, ..., OFF,_1=0), WRAP/=0, and GE/=1.
The output of AND gate 78 will be 1, so the output of
NOR gate 82 will be 0. Thus, gate 78 effectively holds
the READY/ signal from multiplexer 84 active low
while RAM 12 is full.

As discussed previously, there are two embodiments
of the present invention disclosed and discussed herein,
namely, a binary system and a minimum change system.
At this point the discussion the binary system is essen-
tially complete. To recap with reference to FIG. 1, it
has been disclosed that write pointer register 14 and
read point register 16 are conventional binary counters,
and offset generator 18 is a conventional binary sub-
tracter. RAM 12 and MUX 40 are also conventional
with RAM 12 being a dual ported RAM in a preferred
embodiment. Programmable offset register 20 is dis-
closed and discussed with reference to FIG. 2. Con-
verter 24 1s not required for the binary system. Compar-
ator 22 1s disclosed and discussed with reference to
FIG. 3. A binary wrap around detector is disclosed and
discussed with reference to FIG. 4. A binary greater
than or equal to test circuit is a conventional binary
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comparator circuit. A flag generator is disclosed and
discussed

With respect to the minimum change system, an ex-
ampie of a minimum change code write or read pointer
register will be discussed with reference to FIGS.

6A-6C. A minimum change code offset register 18 will
be discussed with reference to FIGS. 7-11. A binary to
minimum change code converter 24 will be discussed

with reference to FIG. 12. A minimum change code
greater than or equal to test circuit will be discussed
with reference to FIG. 13, and a minimum change code

wrap around detector will be discussed with reference
to FIG. 14.

Refer now to FIGS. 6A-6C which are connected
according to the map of FIG. 6 shown on the same
sheet as FIG. 6C. A circuit diagram of a Gray code
pointer register such as may be used in a minimum
change system for write pointer register 14 or read
pointer register 16 is disclosed. Gray code is well
known in the art as a type of minimum change code.
Minimum change code differs from binary in that each
incremental advance in a count only changes one bit
whereas binary code may change any number of bits.
For example, the numbers 1, 2, and 3 are represented as
01, 10, and 11, respectively, in binary. Note that in
counting from 1 to 2 in binary both bits are changed. In
contrast, 1, 2, and 3 in Gray code are 01, 11, and 10.
Note that in each incremental increase only one bit
changes. The following table shows the complete five-

5

8

the output may glitch or provide an incorrect signal in
response thereto.
The FIG. 6 embodiment shows a Gray code pointer

register 86 for N=35. Register 86 includes five D type
flipfiops 88a, 880, 88c, 884, and 88¢. Each flipflop 88

~ recetves on its CK input an INC (increment) signal. The

10
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bit Gray code sequence and, for comparison, the equiv- 30
alent binary notation.
Decimal Number Gray code Binary
0 00000 00000 35
] 00001 00001
, 00011 00010
3 00010 00011
4 00110 00100
5 00111 00101
6 00101 00110 40
7 00100 00111
8 01100 01000
9 01101 01001
10 01111 01010
11 01110 01011
12 01010 01100
13 01011 01101 45
14 01001 01110
15 01000 01111
16 11000 10000
17 11001 10001
18 11011 10010
19 11010 10011 50
20 11110 10100
21 11111 10101
22 11101 10110
23 11100 10111
24 10100 11000
25 10101 11001 5
26 10111 11010
27 10110 11011
28 10010 11100
29 10011 11101
30 10001 11110
31 10000 11111 60

The use of Gray code in the subject invention prevents
~ output glitches such as may occur when counting in
binary bode. In other words, when more than a single
bit in a number changes, one of the bits may change
instantaneously before another. This may create mo-
mentary errors in operations performed on such num-
bers. Unless the entire system is to controlled by a clock

65

INC signal is either the WRITE or READ signal
shown in F1G. 1 depending upon whether register 86 is
being used as write pointer register 14 or read pointer
register 16, respectively. Receipt of the INC signal
increments register 86 by changing one of the five GCPi
bits. The INC signal 1s a typical square wave pulse
having a leading and traihing edge. Each flipflop re-
sponds to the trailing edge of the INC signal so that
register 86 is not incremented until the trailing edge of
the INC signal occurs. It should be noted that the INC
signal, in the form of either the WRITE or READ
signal is also received by RAM 12 (see FIG. 1). In order
to assure that data is written into or read out of the
correct address in RAM 12, RAM 12 responds to the
leading edge of the WRITE or READ signal. Thus,
data 1s stored or read from RAM 12 before the address
in printer register 14 or 16 is incremented.

The Q output of each flipflop 88 provides one bit of
GCP (Gray code pointer) signal. The GCP signal is
equivalent to the WR ADD or RD ADD signal shown
in FIG. 1. The D input to each flipflop 88 receives a
signal which is a function of the GCP signal from the Q
output of all of the flipflops 88. The signals are pro-
cessed through a matrix of logic gates. For example, as
shown 1n FIG. 6A, register 86 includes EX OR gate 90,
inverters 92a, 92b, 92¢, and 924, AND gate 94 and EX
OR gate 96. EX OR gate 90 receives as inputs the Q
output of flipflops 88a and 88b. The input of inverter
924 receives the output of EX OR gate 90. The inputs of
inverters 92a, 925, and 92¢ receive as inputs the Q out-
puts of flipflops 88¢, 884, and 88c, respectively. AND
gate 94 receives as inputs the outputs of inverters 92a,
9256, 92¢, and 924. EX OR gate 96 receives as inputs the
output of AND gate 94 and the Q output of flipflop 88a.
The D input of flipflop 88a receives the output of EX
OR gate 96. Register 86 further includes EX OR gate
98, inverters 100q, 1005, and 100c, AND gate 102 and
EX OR gate 104. EX OR gate 98 receives as inputs the
Q output of flipflops 882 and 884. The input of inverter
100c¢ receives the output of EX OR gate 98. The inputs
of inverters 100q, and 10056 receive as inputs the Q out-
puts of flipflops 88¢, and 88d, respectively. AND gate
102 receives as inputs the outputs of inverters 100q,
1005, and 100c, and the output of flipflop 88¢c. EX OR
gate 104 receives as inputs the output of AND gate 102
and the Q output of flipflop 885. The D input of flipflop
8856 receives the output of EX OR gate 104.

Referring to FIG. 6B, register 86 further includes EX
OR gates 106 and 108, inverters 110q, and 1105, AND
gate 112 and EX OR gate 114. EX OR gate 106 receives
as 1nputs the Q output of flipflops 882 and 886 EX OR
gate 108 receives as inputs the output of EX OR gate
106 and the Q output of flipflop 88c. The input of in-
verter 1105 recetves the output of EX OR gate 108. The
input of inverter 110z receives as its input the Q output
of flipflop 88¢. AND gate 112 receives as inputs the
outputs of inverters 110a, and 1105, and the output of
flipflop 884. EX OR gate 114 receives as inputs the
output of AND gate 112 and the Q output of flipflop
88c. The D input of flipflop 88c¢ receives the output of
EX OR gate 114. Register 86 further includes EX OR
gates 116, 118, and 120, inverter 122, AND gate 124 and
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EX OR gate 126. EX OR gate 116 receives as inputs the
Q output of flipflops 88z and 885. EX OR gate 118
receives as the output of EX OR gate 116 and the Q
output of flipflop 88¢c. EX OR gate 120 receives as in-

puts the output of EX OR gate 118 and the Q output of 5

flipflop 884. The input of inverter 122 receives the out-
put of EX OR gate 120. AND gate 124 receives as inputs
the output of inverter 122, and the output of flipflop 88e.
EX OR gate 126 receives as inputs the output of AND
gate 124 and the Q output of flipflop 884. The D input
of flipflop 884 receives the output of EX OR gate 126.

Referring to FIG. 6C, register 86 further includes EX
OR gates 128, 130, 132, 134 and 136, and inverter 135.

EX OR gate 128 receives as inputs the Q output of

flipflops 884 and 885. EX OR gate 130 receives as inputs

the output of EX OR gate 128 and the Q output of

flipflop 88c. EX OR gate 132 receives as inputs the
output of EX OR gate 130 and the Q output of flipflop

884. EX OR gate 134 receives as inputs the output of

EX OR gate 132 and the Q output of flipflop 88e¢. In-
verter 135 receives as an input the output of EX OR
gate 134. EX OR gate 136 receives as inputs the output
of inverter 135 and the Q output of flipflop 88e. The D

input of flipflop 88¢ receives the output of EX OR gate
136.

FI1GS. 7-11 are a logic circuit diagram of a Gray
code offset generator 138 such as may be employed as
offset generator 18 in FIG. 1. As with FIG. 6, the FIG.
7-11 embodiment 1s for N=3. FIGS. 7A-7B show logic
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circuitry for generating GCOFFg (the first of five bits of 30

the Gray code offset signal), FIGS. 8 A-8B show logic
circuitry for generating GCOFF, FIG. 9A-9C show
logic circuitry for generating GCOFF; FIGS.
10A-10C show logic circuitry for generating GCOFF3,
FIGS. 11A-11B show logic circuitry for generating
GCOFF4. Generator 138 receives as inputs WR ADD
and RD ADD signals from write pointer register 14 and
read pointer register 16 shown in FIG. 1. Since genera-
tor 138 operates in Gray code, registers 14 and 16 may
be of the type shown and described in FIG. 6. Thus, the
external signals received by generator 138 are desig-
nated GCWRgP (Gray code write pointer) and GCRpP
(Gray code read pointer) The five bits comprising
GCWRgrP are denoted as GCWpgrP;, GCWgrPy,
GCWgrP)y, GCWgP3, and GCW P4, and the five bits
comprising GCR pP are denoted as GCR pPo, GCRpP;,
GCRpP;, GCRpP3, and GCgrDP4. Other inputs to
circuit elements of generator 138 include the inverted
signals GCWpgPo/, GCWgPi/, GCWgrPy/, GCWgP;,
GCWRrPs/, GCRpPo/, GCrDPi/, GCRpPy/,
GCRrDP3/, and GCRDP4/. The logic gates and their
interconnections are clearly shown in FIGS. 7A-7E
and will not be discussed in detail herein. It should be
noted that the numbered connectors terminating with
an open circle depict connections to logic element in-
puts with similarly numbered circles. Each output bit
GCOFFqo, GCOFF;, GCOFF,; GCOFF; and
GCOFF;, 1s provided at an output of NAND gate 140,
142, 144, and NOR gate 146, and 147, respectively. A
second inverted output bit GCOFFy/, GCOFFy/,
GCOFF;,/, GCOFF3/, and GCOFF4/, is also provided
by an inverter connected to each output of NAND
gates 140, 142, 144, and NOR gates 146, and 147, respec-
tively.

As noted previously, with reference to FIG. 1, con-
verter 24 1s not required for the binary system and is
employed in the minimum change system when the

programmed offset value is stored in register 20 in bi-
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nary. FIG. 12 shows a circuit diagram of a binary to
Gray code converter 148. The embodiment shown is for
an N=35. Converter 148 includes a plurality of EX OR
gates 130a, 1505, 150c, and 1504. Binary signals are

denoted as POFF4, POFF3; POFF; POFF; and
POFFo, and Gray code signals are denoted as

GCPOFF4 GCPOFF;3; GCPOFF; GCPOFF; and
GCPOFF,. The POFF4signal line is connected directly
to the GCPOFF, signal line. EX OR gate 1504 receives
a POFF4 and POFF3; and provides GCPOFF3 as an
output. EX OR gate 1505 receives as inputs POFF3 and
POFF; and provides GCPOFF; as an output. EX OR
gate 150, receives as inputs POFF; and POFF; and
provides GCPOFF,; as an output. EX OR gate 1504
receives as inputs POFF; and POFFy and provides
GCPOFFj as an output.

As discussed previously, comparator 22 as shown in
FIGS. 1 and 3, includes wrap around detector 26,
greater than or equal to test circuit 28, and flag genera-
tor 30. For the minimum change system, a Gray code
greater than or equal test circuit 152 is shown in FIG.
13. As with the FIGS. 7-11 embodiment, N=35. Test
circuit 152 comprises a plurality of logic gates con-
nected as shown in FIG. 9. It will be noted that the
inputs to circuit 152 include the various GCOFF and
GCPOFF signals and/or the inverse of such signals.
The output of circuit 152 is the GE/ signal which is
active low whenever GCOFF is greater than or equal
to GCPOFF. The GE/ signal is provided as an input to
the flat generator 30 shown in FIG. S.

FIG. 14 shows a Gray code wraparound detector 154
such as may be employed in a minimum change system
for the wrap around detector 26 shown in FIG. 3. Wrap
around detector 154 is illustrates an embodiment for
N=13. Detector 154 includes a D type flipflop 156 and a
NAND gate 158. NAND gate 158 receives as inputs

Gray code offset signals GCOFF4, GCOFF3, and
GCOFF>. The output of NAND gate 158 is provided to
the CK mput of flipflop 156. The GCOFF]; signal is
provided to the D input of flipflop 156. The active low
WRAP/ signal 1s provided at the Q/ output of flipflop
156. The WRAP/ signal 1s provided as an input to the
flag generator shown in FIG. §.

It will be clear to those skill in the art that the present
invention is not limited the specific embodiments dis-
closed and illustrated herein. Nor is the minimum
change system embodiment limited to circuits utilizing

Gray code . Rather, the invention may be applied
equally to circuits utilizing other minimum change
codes. Numerous modifications, variations, and full and
partial equivalents can be undertaken without departing
from the invention as limited only by the spirit and
scope of the appended claims.

What is desired to be secured by Letters Patent of the

United States is as follows.

What is claimed is:

1. A FIFO memory system comprising:

a RAM memory;

a write pointer register for storing a minimum change
coded address of the next data element to be writ-
ten into said RAM memory;

a read pointer register for storing a minimum change
coded address of the next data element to be read
from said RAM memory;

an offset generator for comparing the contents of said
registers, and generating at an output thereof an
offset signal representing the amount of memory
space occupied;
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a programmable offset register for providing a pro-
grammed offset signal; and

a comparator for comparing said offset signal and
said programmed offset signal, and providing a
ready signal when said offset signal is greater than
or equal to said programmed offset signal.

2. The FIFO memory system of claim 1 wherein said
write pointer register includes first means for incre-
menting said register in response to a write signal re-
ceived thereby, and said read pointer register includes
second means for incrementing said register in response
to a read signal received thereby.

3. The FIFO memory system of claim 3 wherein said
write signal has a leading and trailing edge and wherein
said first means includes means responsive to said trail-
ing edge.

4. The FIFO memory system of claim 3 wherein said
RAM memory has means for writing data into said
RAM memory in response to the reading edge of said
write signal.

5. The FIFO memory system of 2 wherein said read
signal has a leading and trailing edge and wherein said
second means includes means responsive to said trailing
edge.

6. The FIFO memory system of claim § wherein said
RAM memory has means for reading data from said
RAM memory in response to the loading edge of said
read signal. |

7. The FIFO memory system of claim 1 wherein said
programmable offset register means for receiving a
binary coded programmed offset signal, said system
further comprising:

a binary to minimum change converter connecting
said offset register to said comparator for provid-
ing said programmed offset signal to said compara-
tor.

8. The FIFO memory system of claim 1 wherein said
programmable offset register includes means for load-
ing said register with said programmed offset signal.

9. The FIFO memory system of claim 8 wherein said
RAM memory has an input data bus for writing data to
sald memory, and wherein said loading means includes
a connection between said bus and said offset register.

10. The FIFO memory system of claim 9 wherein
said loading means further includes a control line for
enabling the loading of said programmable offset regis-
ter.
11. The FIFO memory system of claim 10 wherein
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said programmable offset register includes a plurality of s

D type flip-flops, each flipflop having D and CK input
ports and a Q output, wherein said D input ports are
connected to respective lines in said input data bus, and
said CK ports are connected to said control line.

12. The FIFO memory system of claim 1 wherein
said RAM memory is a dual ported RAM having input
and output data busses for writing data to and reading
data from, respectively, said RAM memory.

13. The FIFO memory system of claim 1 wherein
said offset generator includes means for performing in
minimum change code an equivalent binary subtraction.

14. The FIFO memory system of claim 1 wherein
said comparator includes:

a wrap around detector for receiving said offset sig-
nal, monitoring changes in said offset signal, deter-
mining if the RAM memory is full or empty when
said offset i1s zero, and generating at an output
thereof a wrap signal indicating full or empty;

35
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a circuit for receiving said offset signal and pro-
grammed offset signal, determining when said off-
set signal is greater than or equal to said pro-
grammed offset signal, and generating at an output
thereof a greater than or equal to signal; and

a flag generator connected to the outputs of said wrap
around detector, said circuit, and said offset gener-
ator for providing said ready signal.

15. The FIFO memory system of 14 wherein said flag
generator inciudes mean for providing a full or empty
signal indicating said RAM memory is full or empty,
respectively.

16. The FIFO memory system of claim 14 wherein
said wrap around detector includes a NAND gate and a
D-type flip-flop having D and CK ports and a Q output
port; wherein said D input port 1s connected to a single
data bit line from the output of said offset generator, the
inputs to said NAND gate are connected to a plurality
of other data bit lines from the output of said offset
generator, the output of said NAND gate is connected
to said CK input port, and said Q output port provides
said wrap signal.

17. The FIFO memory system of claim 14 wherein
said flag generator includes an AND gate and a NOR
gate, said AND gate receiving as inputs the inverse of
said wrap and offset signals, said NOR gate receives as
inputs the output of said AND gate and the inverse of
said greater than or equal to signal.

18. A FIFO memory system comprising:

a RAM memory;

a write pointer register for storing a minimum change
coded address of the next data element to be writ-
ten into said RAM memory, said write pointer
register including first means for incrementing said
register in response to a write signal received
thereby:

a read pointer register for storing a minimum change
coded address of the next data element to be read
from said RAM memory, said read pointer register
including second means for incrementing said reg-
ister in response to a read signal received thereby:;

an offset generator for comparing the contents of said
registers, and generating at an output thereof an
offset signal representing the amount of memory
space occupied,;

a programmable offset register for providing a pro-
grammed offset signal, said register including
means for loading said register with said pro-
grammed offset signal; and

a comparator for comparing said offset signal and
saidd programmed offset signal, and providing a
ready signal when said offset signal is greater than
or equal to said programmed offset signal; wherein
said comparator includes:

a wrap around detector for receiving said offset sig-
nal, monitoring changes in said offset signal, deter-
mining if the RAM memory is full or empty when
said offset is zero, and generating at an output
thereof a wrap signal indicating full or empty;

a circuit for receiving said offset signal and pro-
grammed offset signal, determining when said off-
set signal is greater than or equal to said pro-
grammed offset signal, and generating at an output
thereof a greater than or equal to signal; and

a flag generator connected to the outputs of said wrap
around detector, said circuit, and said offset gener-
ator for providing said ready signal.
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19. The FIFO memory system of claim 18 wherein
said programmable offset register includes means for
receiving a binary coded programmed offset signal, said
system further comprising:

a binary to minimum change code converter connect-
ing said offset register to said comparator for pro-
viding said programmed offset signal to said com-
parator.

20. The FIFO memory system of claim 19 wherein:

said write and read signals each has a leading and
trailing edge;

said first means includes means responsive to the
trailing edge of said write signal;

said RAM memory has means for writing data into
said RAM memory in response to the leading edge
of said write signal;

said second means includes means responsive to the
trailing edge of said read signal;

said RAM memory has means for reading data from
said RAM memory in response to the leading edge
of said read signal.

21. The FIFO memory system of claim 20 wherein
said offset generator includes means for performing in
minimum change code an equivalent binary subtraction.

22. A FIFO memory system comprising:

a RAM memory;

a write pointer register for storing the address of the
next data element to be written into said RAM
memory;

a read pointer register for storing the address of the
next data element to be read from said RAM mem-
ory;

an offset generator for comparing the contents of said
registers, and generation output thereof an offset
signal representing the amount of memory space
occupied;

a programmable offset register for providing a pro-
grammed offset signal; and

a comparator for comparing said offset signal and
sald programmed offset signal, and providing a
ready signal when said offset signal is greater than
or equal to said programmed offset signal.

23. The FIFO memory system of claim 22 wherein

said comparator includes:

a wrap around detector for receiving said offset sig-
nal, monitoring changes in said offset signal, deter-
mining if the RAM memory is full or empty when
said offset i1s zero, and generating at an output
thereof a wrap signal indicating full or empty;

a circuit for receiving said offset signal and pro-
grammed offset signal, determining when said off-
set signal is greater than or equal to said pro-
grammed offset signal, and generating at an output
thereof a greater than or equal to signal; and

a flag generator connected to the outputs of said wrap
around detector, said circuit, and said offset gener-
ator for providing said ready signal.

24. A method for buffering data between two data

busses comprising:

loading a programmable offset register with a pro-
grammed offset value;

writing a data element into a RAM memory;

Incrementing a write pointer in a minimum change
code to identify the address of the next data ele-
ment to be written into said RAM memory;

providing a read pointer for identifying in a minimum
change code the address of the next data element to
be read from said RAM memory;
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comparing the contents of said write and read point-
ers and generating an offset value therefrom;

comparing said offset value with said programmed
offset value; and

generating a ready signal indicating said RAM mem-

ory is ready to be read when said offset value is
greater than or equal to said programmed offset
value.

25. The method of claim 24 further comprising:

reading the contents of said RAM memory; and

incrementing said read pointer in response to the
reading of said RAM memory.

26. The method of claim 24 wherein said step of com-
paring the contents of said write and read pointers com-
prises:

performing in minimum change code an equivalent

binary subtraction of the contents of said pointers
thereby generating a minimum change coded offset
value.

27. The method of claim 24 wherein said step of com-
paring said offset value with said programmed offset
value comprises:

monitoring changes in said offset value;

determining if the RAM memory is full or empty

when the offset value is zero; and

generating a full or empty signal indicating the RAM

memory 1s full or empty, respectively, when the
offset value is zero.

28. The method of claim 24 wherein said step of com-
paring said offset value with said programmed offset
value comprises:

determining when said offset value is greater than or

equal to said programmed offset value;

generating a signal indicating when said offset value

Is greater than or equal to said programmed offset
value.

29. A method for buffering data between two data
busses comprising:

loading a programmable offset register with a pro-

grammed offset value;
writing a data element into a RAM memory;
Incrementing a write pointer in a minimum change
code to i1dentify the address of the next data ele-
ment to be written into said RAM memory;

providing a read pointer for identifying in a minimnum
change code the address of the next data element to
be read from said RAM memory;

comparing the contents of said write and read point-

ers by performing in minimum change code an
equivalent binary subtraction of the contents of
said pointers thereby generating a minimum
change coded offset value therefrom;

comparing said offset value with said programmed
offset value by:

monitoring changes in said offset value;

determining if the RAM memory is full or empty
when the offset value is zero;

generating a full or empty signal indicating the RAM
memory is full or empty, respectively, when the
offset value is zero;

determining when said offset value is greater than or
equal to said programmed-offset value; and

generating a signal indicating when said offset value
is greater than or equal to said programmed offset
value;

generating a ready signal indicating said RAM mem-
ory is ready to be read when said offset value is
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greater than or equal to said programmed offset reading the contents of said RAM memory; and
value; incrementing said read pointer in response to the
reading the contents of said RAM memory; reading of said RAM memory.
incrementing said read pointer in response to the 32. The method of claim 30 wherein said step of com-
reading of said RAM memory. 5 paring the contents of said write and read pointers com-
30. A method for buffering data between two data prises:
busses comprising: subtracting the contents of said pointers thereby gen-

erating an offset value.

33. The method of claim 30 wherein said step of com-
10 paring said offset value with said programmed offset
value comprises:
monitoring changes in said offset value;
determining if the RAM memory 1s full or empty
when the offset value i1s zero; and
generating a full or empty signal indicating the RAM
memory 1s full or empty, respectively, when the

loading a programmable offset register with a pro-
grammed offset value;

writing a data element into a RAM

Incrementing a write pointer to identify the address of
the next data element to be written into said RAM
memory,

providing a read pointer for identifying the address of (5
the next data element to be read from said RAM

memory; | | | offset value is zero.
comparing the contents of said write and read point- 34. The method of claim 30 wherein said step of com-
ers and generating an offset value therefrom; paring said offset value with said programmed offset
comparing said offset value with said programmed g value comprises:
offset value; and o | determining when said offset value is greater than or
generating a ready signal indicating said RAM mems- equal to said programmed offset value;
ory 1s ready to be read when said offset value is generating a signal indicating when said offset value
greater than or equal to said programmed offset 1s greater than or equal to said programmed offset
value. 25 value.
31. The method of claim 30 further comprising: * % x x ¥
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Column 12, Line 15, after “CK”, insert --1lnput--.
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Column 15, Line 10, after “RAM”, insert --memory--.
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